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FiG. |. Effect of chlorine, present in polymers, on their flammability: O

: i i ly(vinylidene chloride);
olypropylene; @ polyethylene, poly(vinyl chloride) or po
. x Penton. (Data taken from refs. 26-29.)

It has traditionally been assumed that chlorinated additive fiarrstg
retardants act by virtue of their ease of elimination of hydrogen chlolrlde. .
This is borne out by the finding that, e.g. for polypropylene,. aliphatic
chlorinated hydrocarbons are ineffective flame n::tardan-ts; their d‘.ecom-
position is so fast that they evolve hydrogen chloride dlljrmg processing of
the polymer.®! Analogously chlorinated biphenyls or prpenyl ethers have
a very strong Cl—C bond so that their decomposition 1s too slow to -be
effective. Thus compounds such as perchloropentacyclodecane with
intermediate CI—C bond strengths are found to be the most useful flame
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retardants for this polymer.®’ In general, aromatic chlorine-containing
compounds are said to perform poorly as additive flame retardants,?>
although little evidence is found in the literature for this statement.
Thermogravimetric studies of the decomposition of liquid and solid
chlorinated alkanes frequently used as flame retardants have shown that
hydrogen chloride is in fact evolved, at least in the absence of polymer.33:3
This suggests that HCl is later effective as a gas-phase flame inhibitor. Thus
the flame chain-carriers would react with HCI and transform reactive
radicals into relatively unreactive ones such as chlorine atoms. The
mechanism of this action will be discussed more fully in conjunction with
brominated flame retardants. Hydrogen bromide is a very efficient flame
inhibitor, e.g. for polypropylene some five times more so than hydrogen
chloride (on a molar basis).2® When additive flame retardants containing
chlorine are compared with their brominated analogues, in terms of their
efficiency in reducing the LOI of polypropylene, the relative slope values are
less than or equal to 2-2.2°

It can thus be concluded that, although there may be some gas-phase
action for chlorine compounds, it is relatively inefficient and the bulk of the
flame-retardant effect takes place in the condensed phase.

An alternative theory®®~*® has been proposed which assumes the
operative mechanism to be a purely physical dilution of the flammable
mixtures or a ‘blanketing’ of the flames by volatile chlorinated species. This
mechanism would explain the action of the large number of inorganic
chlorides and oxychlorides used, particularly for cellulosic materials. These
additives are usually hygroscopic and thus liberate non-flammable gases
including HCI. ;

Before studying other flame retardant elements, it is of interest to look at
the mechanism™f combustion of the most important chlorinated polymer:
poly(vinyl chloride) (PVC). It decomposes principally by a chain-stripping
process liberating hydrogen chloride, so that a polyenic residual structure
remains:

~ChxaCaly

This dehydrochlorinated charry residue can be cyclised to yield benzene, a
process which occurs intramolecularly and not intermolecularly.3® It is also
possible for some main-chain C—C scissions to occur and small C,and C,
products to be formed which later yield carbon oxides as the sole
oxygenated products. The formation of the char and of the aromatic






























































